Some protease inhibitors use uncommon mechanisms to restrain the activity of their target enzymes. A recent paper in Chemistry and Biology (Lu et al., 2006) demonstrates a curious mechanism of inhibition of a caspase, relying on principles of native peptide ligation.
Chemical ligation using activated ester intermediates has long been used as a tool in synthetic chemistry. More recently, native chemical ligation has emerged as a mechanism used by self splicing proteins, termed inteins, in which an N-terminal polypeptide covalently couples to a C-terminal polypeptide during autocatalytic excision of the central intein element (Paulus, 2000) . A similar mechanism generates the essential C-terminal cholesterol modification required for the ability of Hedgehog to direct patterning of vertebrate and invertebrate embryos (Lum and Beachy, 2004) . The essential feature of native chemical ligation is the presence of a thiol moiety on a Cys side chain that attacks the carbonyl of a suitably placed peptide bond, forming a labile thioester intermediate. This intermediate is then attacked by a nucleophile, and, if the nucleophile is an N-terminal amino acid, it may undergo an S-N acyl shift to generate the stable amide bond (Figure 1 ).
Intein structures have similarities to protease active sites, containing features capable of stabilizing the tetrahedral intermediate in peptide bond hydrolysis via a critical ''oxyanion pocket.'' Of course, in the case of inteins, the attacking nucleophile is a protein side chain, not water, but the fundamental mechanisms of inteins and proteases are similar. Indeed, the cysteine protease bleomycin hydrolase also conducts native chemical ligation (Zheng et al., 1998) , although this is rather inefficient and the enzyme acts in a catalytic mode, rather than the single efficient turnover observed in inteins. Consequently, it may not come as a surprise that caspases, another branch of cysteine proteases, participate in peptide ligation. The surprise comes when one considers that caspase-mediated chemical ligation may be an unusual strategy adopted by the baculovirus protein p35 to secure caspase inhibition, as discussed by Lu et al. (2006) .
Caspases are conserved in multicellular animals, where they orchestrate the complex biochemistry known as apoptosis: the ordered dismantling of unwanted cells (Green and Evan, 2002) . Their stringent regulation by endogenous inhibitors is considered pivotal in controlling cell fate decisions, and caspase inhibition is a strategy used by some viruses to defeat host cell attempts to suicide following infection (Stennicke et al., 2002) . To date, caspase inhibitors belonging to three different classes have been extensively examined: (1) members of the inhibitor of apoptosis protein (IAP) family that utilize an unusual allosteric binding mechanism, (2) members of the classic serpin family, and (3) p35, which has its entirely own inhibitory mechanism and thus far is the only known inhibitor of its class. Superficially, serpins and p35 have a similar mechanism. Both are ''suicide inhibitors'' that offer themselves up as bait to an attacking protease but then trap the protease catalytic machinery, and both are cleaved as a result of the sacrifice. Although there are no high-resolution caspase:serpin structures, examination of the trypsin or elastase:serpin complex reveals a mechanism in which the catalytic machinery is radically distorted in a trapped The general mechanism involves an activating domain that generates the essential thioester intermediate (1), which subsequently may be attacked by a donor nucleophile (2). In the general mechanism, the nucleophilic residue that mediates thioester formation is depicted as a remote residue; however, in both inteins and Hedgehog, the nucleophilic moiety mediating this reaction is situated at the R2 position. In the case of Hedgehog, this simply leads to generation of a C-terminal cholesterol ester; however, in the case of inteins, the intermediate generated upon nucleophilic attack by the donor may undergo N-S acyl shift, leading to the formation of a new peptide bond. The mechanism for p35 is slightly different, since the activating domain here is the protease caspase 8, and the circular product is the N-terminal region of p35 formed either during or after protease attack on the inhibitor. As for the inteins, a new peptide bond joining the N-terminal to the P1 Asp is formed by a subsequent N-S acyl shift.
complex (Dementiev et al., 2006; Huntington et al., 2000) . In contrast to what is seen for the serpins, there is no distortion of the protease structure in the p35:caspase complex (Xu et al., 2001) . Technically, the complex structure revealed an unusual inhibitory mechanism in which cleavage of p35 allows its N-terminal Cys to insert into the active site in such a manner that the thiol forms a hydrogen bond with the catalytic His of caspase 8, resulting in the imidazole ring rotating approximately 90º around the Cb-Cg bond. This conformation was considered to be the stable inhibitory form, since the N-terminal Cys of p35 apparently eliminated the ability of the catalytic His of the caspase to promote the formation of the nucleophilic water molecule required for hydrolysis of the acyl-enzyme intermediate.
In an elegant example of deductive logic, Lu et al. (2006) now demonstrate that the free N-terminal Cys of p35 not only facilitates anchoring of the inhibitor to the catalytic site but also serves as a nucleophile in the chemical ligation of the N-terminal Cys to the Asp of cleaved p35 (Figure 1 ). This means that what was assumed to be the end adduct containing the Cys2-His287 hydrogen bond was rather the polarization of Cys2 for a nucleophilic attack on the acyl-enzyme intermediate of caspase 8 with p35. The beauty of this mechanism is that, once the thioester in the acyl enzyme has been substituted for the thioester with Cys2, the system may then reach equilibrium between the two thioesters, chemically trapping the enzyme in a futile acylation/deacylation cycle. Eventually, when denatured, the system undergoes an acyl shift to form a chemically ligated circular product of p35, although this may not be productive under native conditions, since it would no longer deliver inhibitory capacity to the exhausted inhibitor.
The data presented now beckon the question of whether this particular mechanism only functions in the background of the p35:caspase 8 complex or whether the caspases have a general ability to catalyze this particular type of reaction in p35. 
